The problem of valid measurement of psychological constructs remains an impediment to scientific progress, and the measurement of executive functions is not an exception. This study examined the statistical and theoretical derivation of a behavioral screener for the estimation of executive functions in children from the well-established Behavior Assessment System for Children (BASC). The original national standardization sample of the BASC-Teacher Rating Scales for children ages 6 through 11 was used (N ϭ 2,165). Moderate-to-high internal consistency was obtained within each factor (.80 -.89). A panel of experts was used for content validity examination. A confirmatory factor analysis model with 25 items loading on 4 latent factors (behavioral control, emotional control, attentional control, and problem solving) was developed, and its statistical properties were examined. The multidimensional model demonstrated adequate fit, and it was deemed invariant after configural, metric, and scalar measurement invariance tests across sex and age. Given its strong psychometric properties, with further tests of item validity, this instrument promises future clinical and research utility for the screening of executive functions in school-age children.
As awareness of the importance of executive functions grows, several efforts have been made to improve both its theoretical definition and the sophistication of measurement techniques to capture this complex function. Discussion about how to define executive functioning has unfolded into a series of debates about its configuration (i.e., unitary vs. diverse), its nature (i.e., biological or theoretical), and its composition (i.e., underlying components). In this plurality of debates, there are almost as many definitions of executive functions as there are researchers using the construct. The burst of newly developed instruments based in somewhat new models is a good example of this plurality.
The most parsimonious definition of executive function includes the idea of an organized system of abilities working toward the conception, monitoring, and execution of goaldirected behavior (Ardila, 2008; Jurado & Roselli, 2007; Royall et al., 2002) . In reality, and as Elliot (2003) asserted, "there is no intuitive lay concept that incorporates the essence of executive function" (p. 50).
Recent work by Miyake et al. (2000) has demonstrated the utility of using sophisticated statistical modeling in the attempt to develop psychometrically derived or evidence-based models of executive functions. In this regard, this study presents a piloting statistical derivation of a behavioral screener based on four out of the five components of executive functioning proposed by GarciaBarrera (2010) . The original model includes a goal identification component labeled problem solving, an updating working memory component (not evaluated in this study), and three commonly identified cybernetic aspects of executive functioning: attentional control, behavioral control, and emotional control. The four components included in this study are briefly defined as follows.
Executive Functioning: Theoretical Model Problem Solving
The problem-solving construct is associated with goal identification and the subsequent initiation of behavior. Luria (1973) described problem solving in terms of the creation of intentions, plans, and programs; Lezak, Howieson, and Loring's (2004) model defined it in terms of volition, planning, and purposive action; Fuster (2008) defined it in terms of the temporal organization of behavior; Royall et al. (2002) called the problem-solving functions executive cognitive functions; Denckla (2007) referred to problem solving as the how executive functions. In the model we propose, problem solving is an umbrella construct incorporating abilities used to create a response to a novel situation, or preparation to action; at the behavioral level, this is associated with planning, making decisions, conflict resolution, and organizing information toward the execution of a goal. Zelazo, Carter, Reznick, and Frye (1997) presented a problem-solving model of executive functions that emphasizes problem representation, planning, execution, and subsequent evaluation as crucial executive function components. Some traditional information-processing models of executive function have referred to this construct as task analysis (Borkowski & Burke, 1996) .
From a neuroanatomical perspective, Fuster (2008) proposed that, because of its location within the frontal lobe, the prefrontal cortex has a specific role in the temporal organization of behavior. Problem solving was a factor included to attempt to indirectly (i.e., behaviorally) measure how effectively behavior is organized and programmed toward goal attainment. Within the prefrontal cortex, the dorsolateral prefrontal circuit has been involved in planning, self-monitoring, and other higher cognitive functions (Royall et al., 2002) .
Attentional Control
This construct is related to the ability to focus, sustain, and shift attentional systems according to task demands. These three elements of attention have been derived from Mirsky, Anthony, Duncan, Ahearn, and Kellam's (1991) model but under the assumption that executive functions do have a regulatory role over these attentional systems, as was presented earlier by Norman and Shallice's (1986) Supervisory Attentional System (SAS; Shallice & Burguess, 1996) and was further supported with the work of Baddeley (1996) on the central executive and the research of Fuster (2002 Fuster ( , 2008 Fuster ( , 2008 on prefrontal functioning. Furthermore, Posner and colleagues (Posner & Rothbart, 1998; Rueda, Posner, & Rothbart, 2005) have asserted that voluntary, controlled attention is associated with dopaminergic-modulated networks, such as the anterior cingulate, basal ganglia, and lateral prefrontal cortex, which are responsible for the executive attention, or executive control, system. The proposed model assumes Posner and colleagues' executive attention to be well represented under the attentional control component of the executive function model.
Behavioral Control
This construct was included in the model under the assumption that executive functions play an important role in the selfregulation of behavior, including inhibition/impulse control (Garcia-Barrera, 2010) . As Barkley (1997) asserted, behavioral inhibition refers to the ability to inhibit initial prepotent responses to external cues or events, to stop an ongoing response producing a delay period, and to protect this delay from interferences (e.g., competing events). Self-control refers to the responses by the individual that "serve to alter the probability of their subsequent response to an event" (Barkley, 1997, p. 51) , also influencing the probabilities of occurrence of the consequences naturally to follow. Behavioral self-regulation has also been associated with internal self-directed speech. The anterior cingulate cortex and the lateral orbitofrontal areas appear to be involved in the initiation of behaviors and the inhibition of prepotent behavioral responses (Rolls, 2002; Royall et al., 2002) .
Emotional Control
This construct represents the ability to self-regulate emotional response to environmental and internal cues (Garcia-Barrera, 2010) . Emotional self-regulation, or control, is highly related to behavioral inhibition and self control. However, it is differentiated by the fact that the prepotent response that is being delayed is the expression of emotional reactions "that would have been elicited by the event and whose expression would have been a part of the expression of those prepotent responses" (Barkley, 1997, p. 182) . The need for inclusion of the role of emotions in decision making was originally proposed by Damasio (1995) . Furthermore, emotional regulation facilitates the efficiency of the system to read environmental cues and optimizes recall of information from longterm memory into working memory by means of resource allocation.
Altogether, attentional control, behavioral control, and emotional control represent the cybernetic aspect of executive function (Royall et al., 2002) , encompassing some of the potential relationships that executive systems have with nonexecutive systems. Moreover, these three elements could be grouped under the when executive functions as presented by Denckla (2007) .
Finally, there is one more component in Garcia-Barrera's (2010) model: updating working memory representations. Although it was not included in the screener derivation presented here, the underlying assumption is that during the process of generating plans and programs for effective problem solving, as well as during the activation and maintenance of self-regulatory attentional, behavioral, and emotional systems, the information needs to be processed and manipulated in an online system: working memory. Baddeley's (1996) central executive component in working memory illustrates this component. In the model presented by GarciaBarrera (2010) , the continuous and timely capacity to update working memory representations according to task demands was specifically included as a component of the executive system (Lehto, 1996; Lehto, Juujärvi, Kooistra, & Pulkkinen, 2003; Miyake, Emerson, & Friedman, 2000; Miyake, Friedman, Rettinger, Shah, & Hegarty, 2001 ).
Measuring Executive Functions: Behavioral and Ecological Approach
Early models in neuropsychology considered the Wisconsin Card Sorting Test, the Towers of Hanoi and London and other variations, and even the Rey-Osterrieth Complex Figure as examples of gold-standard tools for assessing executive function (Anderson, 2001; Lezak, Howieson, & Loring, 2004) . However, criticisms of the limitations on sensitivity and specificity of these and other instruments created the need for a more multidimensional approach (Anderson, 2001; Hughes & Graham, 2002; Manchester, Priestley, & Jackson, 2004) . In addition some measures used to collect information about executive functioning may be lengthy or require apparatus, making them impractical for widespread use. Lengthy instruments, in particular, may be impractical for the respondent (Flanagan, Bierman, & Kam, 2003) . Practicality is important because practical instruments may be used on a larger scale, thus allowing more children with executive functions problems to be identified, which in turn mitigates functional impairment (Kamphaus et al., 2007) . Thus, the assessment of child executive functions needs both psychometric and practical improvements.
Recently, a psychometric approach developed from the raising awareness of ecological validity of assessment instruments, and it has been focused on the analysis of the everyday behavioral components of executive functions. This approach gained recognition with the development of behavioral ratings of frontal and executive function. Examples from the adult assessment literature include the Frontal Systems Behavior Scales (Grace & Malloy, 2001 ) and the rating included on the Dysexecutive QuestionnaireBehavioural Assessment of the Dysexecutive Syndrome (Wilson, Evans, Emslie, Alderman, & Burgess, 1998) . There are very few options for the behavioral assessment of children's executive functioning; the most popular measure is the Behavior Rating Inventory of Executive Function (BRIEF; Gioia, Isquith, Guy, & Kenworthy, 2000) .
However, average and unimpaired executive systems at different normal developmental stages were overlooked for decades, and research on the assessment of executive function was heartily criticized for neglecting to include analysis of average children populations. In fact, it was only recently that a burst of studies of executive functions in preschoolers and school-age children was published (Carlson, 2005; Espy, 2004; Espy, Kaufmann, & Glisky, 2001; Hughes & Graham, 2002; Isquith, Gioia, & Espy, 2004; Senn, Espy, & Kaufmann, 2004) . Developmental psychologists have made considerable contributions to the understanding of the development of executive functions from early childhood to school age (e.g., Zelazo, Müeller, Frye, & Marcovitch, 2003) , the clinical impairment of executive functions (e.g., Hughes, 2002) , and the relationship between brain development and the acquisition of executive skills (e.g., Diamond, 2002; Tsujimoto, 2008) . Furthermore, executive functions, such as problem solving, behavioral control, attentional control, and emotional control, are important in students' everyday routines (Clark, Prior, & Kinsella, 2002) , and the development of more reliable and valid instruments to estimate executive function in children appears imperative.
Screening measures are a potential avenue for the early assessment and identification of executive dysfunctions during first layer assessments in school and pediatric settings. Behavioral screeners are effective, efficient, and costless measures (Lochman, 1995) . They can be developed around parsimonious models that allow replicability and cross-cultural utility, and they can provide fundamental information for neuroanatomical-correlation studies. Besides the BRIEF, we are unaware of other short screening measures available for the behavioral estimation of executive functions in school-age children; yet, we recognize the potential of some existing behavioral tools to aid clinicians in estimating executivelike behaviors. In this regard, the Behavior Assessment System for Children (BASC; Reynolds & Kamphaus, 1992 ) is a multidimensional rating scale of externalizing, internalizing, and adaptive skills that includes questionnaires for parents and teachers of children and adolescents between the ages of 2 and 18. The BASC is among the most widely used measures of child behavior in the United States (Reynolds & Kamphaus, 2002) . It has been crossculturally validated in Colombia by Pineda et al. (1999) , and it has been broadly validated and published in Spain, among other countries (http://www.teaediciones.com).
The validity of the BASC as an assessment tool for frontal lobe/executive function has been previously studied (Jarratt, Riccio, & Siekierski, 2005; Mahone, Zabel, Levey, Verda, & Kinsman, 2002; Riccio et al., 1994) . However, only one recent study utilized the Frontal Lobe Functioning/Executive Control scale recently included in the BASC-2 extended software (Sullivan & Riccio, 2006) . Sullivan and Riccio (2006) administered the original 18-item BASC Frontal Lobe Functioning/Executive Control scale, the BRIEF, and the Conners' Parent Rating Scales RevisedShort Form (Connors, 1997) to a community sample of 92 children with or without attention-deficit/hyperactivity disorder (ADHD). This 18-item scale was originally developed by Barringer and Reynolds (1995) and was presented as a paper at the annual meeting of the National Academy of Neuropsychology. Sullivan and Riccio' Because of the identified need for a screening measure of executive functions in the assessment of school-age children, this study aimed to augment early work by Barringer and Reynolds (1995) and statistically derive a screening instrument under two constraints: First, to avoid proliferation of more testing measurements, we derived the screener from a wellknown, established, reliable, and valid existing measure: the BASC-Teacher Rating Scale for children ages 6 through 11. This way, one administration would provide the examiner with both a comprehensive evaluation of a child's behavior and an estimation of executive behavior. This screener comprises 25 items and is based on a theoretically driven multidimensional model (Garcia-Barrera, 2010) with four factors representing four core executive functions: attentional control, behavioral control, emotional control, and problem solving. Second, we tested this screener's underlying four-factor model with rigor, using structural equation modeling and guided by the following question: Is it possible to derived a statistically and theoretically based measure of children's executive functions from an existing behavioral rating scale?
Finally, because of the promising findings presented by Barringer and Reynolds (1995) and by Sullivan and Riccio (2006) , a stringent item selection and statistical examination, and a sound theoretical model of executive function, we hypothesized that the screener derivation would succeed in identifying a set of items measuring those four core areas (i.e., problem solving and attentional, emotional, and behavioral control) while holding the statistical properties of the model underlying it (e.g., factor internal consistency levels Ͼ .80 and model fit indexes Ͼ .90).
Methods
The BASC-Teacher Rating Scale-Child (BASC-TRS-C; Reynolds & Kamphaus, 1992) , which is used to rate children ages 6 through 11, was selected as the target instrument for the screener derivation to complement prior derivation attempts that used the BASC-Parent Rating Scale (Barringer & Reynolds, 1995; Sullivan & Riccio, 2006) and under the assumption that teachers are more accurate raters than parents of children's cognitive abilities (e.g., executive functions) and behavior (Lochman, 1995; Reynolds & Kamphaus, 1992) . The BASC-TRS-C yields nine problem behavior scales and four adaptive skills scales as well as composite scores, and it includes 148 items to be rated on a 4-point Likert scale anchored by 1 (never) and 4 (almost always; Reynolds & Kamphaus, 1992) .
Participants and Data Collection
Pearson Assessment gave us permission to utilize the original BASC-TRS-C standardization database. The standardization of the BASC included a vast sample representative of the population of U.S. children, and it included a range of diversity in terms of ethnicity, socioeconomic status, geographic region, and clinical problems (Reynolds & Kamphaus, 1992) . Detailed information about the data collection procedures is found in the original BASC manual. Table 1 reports a summary of the demographic characteristics of the sample. Figure 1 delineates the succession of steps (phases) followed during this instrument derivation.
Screener Derivation Process
Phase 1: Item selection pool. The 148 items from the original BASC-TRS-C were carefully reviewed to identify items that assess behaviors that can be potentially classified as executive. We extracted an initial set of 28 items. The items themselves are only indicators of the construct, which is latent in nature. We hypothesized that these BASC-TRS-C items could be grouped into four factors that represented four essential executive functions: Problem Solving, Attentional Control, Behavioral Control, and Emotional Control.
Phase 2: Latent construct operationalization and item distribution. Table 2 includes the original BASC-TRS-C items, their scale membership, and their matching items from the BASC-2. (Items from our screener that are also included in the BASC-2 Frontal Lobe Functioning scale are marked to facilitate identification.)
Problem solving. The problem-solving construct measures the ability to plan, problem solve, make decisions, and organize information toward the execution of a goal. It includes 10 items, such as analyzes the nature of a problem before starting to solve it and makes decisions easily. Ratings in this set of items assess the following question: Does this child demonstrate knowledge of how to achieve a goal?
Attentional control.
The attentional control construct includes seven items and measures the ability to focus (e.g., makes careless mistakes), sustain (e.g., has trouble concentrating), and shift attention systems according to task demands (e.g., has trouble shifting gears from one task to another). One memory/working memory item was included (forgets things) to include an estimation of the effects of attention problems in memory and therefore in learning. Ratings within this construct attempt to answer the following question: Can this child self-regulate attention?
Behavioral control. The behavioral control construct comprises seven items and was included in this screener under the assumption that executive functions play an important role in the ability to self-regulate behavior (e.g., acts without thinking), in- cluding inhibition (e.g., uses foul language) and impulse control (e.g., interrupts others when they are speaking). This construct answers the following question: Can this child inhibit prepotent response and self-regulate behavior? Emotional control. Items under the emotional control construct measure the ability to self-regulate emotional response to environmental and internal cues. This ability is of great importance when trying to examine the relationships between prefrontal areas and the limbic system, in terms of the regulatory function of executive systems over emotion. This factor comprises four items, representing a limited yet significant range of emotional disregulation indicators (e.g., changes moods quickly and throws tantrums). This construct answers the following question: Can this child self-regulate emotional expression?
Phase 3: Data screening.
Missing data treatment.
Typical missing data techniques include listwise and pairwise deletion, mean imputation, regression-based imputation, and hot-deck imputation (Enders & Bandalos, 2001) . The validity of such data imputation techniques has been questioned because of their tendency to produce biased parameter estimates. Recently, a full information maximum likelihood approach has been presented as an unbiased missing data 
434). Enders and Bandalos performed a Monte
Carlo simulation study that demonstrated the relative unbiased and efficient performance of full information maximum likelihood with respect to other missing data techniques. This approach was also superior in proportion of convergence, lower model rejection rates, and lower risk for Type 1 error. Thus, full information maximum likelihood was used to treat missing data in this study. Treatment of outliers. Tests for multivariate normality and identification of significant outliers were performed with a macro developed by DeCarlo (1997) .
Phase 4: Item screening. Analysis of frequency distributions. We analyzed frequency distributions, including analysis of means, standard deviations, skewness, and kurtosis. For this study, a critical value of ͉2.0͉ was used to test skewness (Crocker & Algina, 1986) . There is some debate about the adequate critical value to determine significant kurtosis. The BASC items use a 4-point Likert scale. It has been suggested that scales, such as Likert scales, dealing with ordinal (noncontinuous) data often present a nonnormal distribution, because of the nature of the items' content. For this study, values outside the range of ͉7.0͉ are considered to be problematic and represent considerable departures from normality, because of the risk of bias that univariate nonnormality presents (Finney & DiStefano, 2006) .
Generation of a correlation matrix.
To analyze the relationships among items and potential collinearity effects, we generated a correlation matrix. If correlations are too high, collinearity is suspected (Kline, 2005) . However, because all the items in the scale are hypothetically expected to measure different aspects of the same construct, moderate correlation values are expected.
Examination of item content and wording. In this case, items that were suspected of being too ambiguous were eliminated.
Phase 5: Initial reliability and validity analysis. Content validity. A panel of 10 experts in neuropsychology was first informed about the purposes and goals of the screener. Subsequently, they were asked to classify the 28 items into the four hypothesized executive components, in terms of their accuracy to measure problem solving, attentional control, behavioral control, and emotional control. The items were alphabetically arranged (by the first word) to keep the raters unaware of the original classification. A cutoff of 70% interrater agreement was established as a criterion. As a result of the panel consultation, three items were dropped from the screener and one item-factor association within the model was repositioned.
Internal consistency reliability. Coefficient alpha for each group of items (factors) was used for estimating internal consistency reliability (Crocker & Algina, 1986) , and our criterion was established as Cronbach's alpha for each scale greater than .8.
Construct validity. For this study, two well-supported methods of construct validation were used: confirmatory factor analysis (CFA) and measurement invariance (or multiple group analysis). For this purpose, a hypothetical model with four factors and 25 indicators was designed, and its statistical properties were tested (see Figure 2 ). Unnested variations of the hypothetical CFA model were also evaluated including one factor (unidimensional model) or more factors (multidimensional models).
Estimation Method
Mplus 4.0 (L. K. Muthén & Muthén, 2006) was used to perform the CFA. Mplus utilizes a maximum likelihood method of estimation by default when data is continuous. This study uses Likerttype items. To enhance validity, we analyzed data as categorical (ordinal) rather than continuous (Flora & Curran, 2004; B. O. Muthén & Asparouhov, 2002) . The Mplus default estimator for categorical data analyses is weighted least squares with mean and variance adjusted (WLSMV). The WLSMV estimator serves as a correction that is less computationally demanding than other options, such as weighted least squares (WLS), and produces estimates that are unbiased, consistent, and efficient. In contrast to other types of estimators (e.g., WLS), WLSMV uses the diagonal of the weight matrix in the estimation instead of the full weight matrix. Like WLS, WLSMV uses the full weight matrix to com- (Flora & Curran, 2004) .
Fit Indexes
Two types of indicators of overall fit are recommended by Hoyle and Panter (1995) and by Hu and Bentler (1999) : the absolute fit and the incremental fit. The absolute fit (or badness of fit) concerns the degree to which the covariances implied by the fixed and free parameters-and specified in the model-match the observed covariances from which free parameters in the model were estimated. Optimal fit is indicated by a value of zero. Hoyle and Panter recommended chi-square accompanied by degree of freedom, sample size, and p value. An adequate model is nonsignificant; therefore, a p value greater than .01 was used here as criterion. The incremental fit (or goodness of fit) concerns the degree to which the model in question is superior to a baseline model, usually one that specifies no covariances among variables. Larger values indicate greater improvement of the model over a baseline. Recommended incremental fit indicators are the TuckerLewis index (TLI) and the comparative fit index (CFI). An optimal value is 1.0 but is seldom obtained in practice (Cheung & Rensvold, 2002) . A cutoff score of .95 for each is recommended by Hu and Bentler, although it has been suggested that these are too high and that a cutoff of .90 is reasonable (Cordon & Finney, 2006) . A range from .90 (lower bound) to .95 (optimal bound) is used as a criterion in this study.
Finally, the root-mean-square error of approximation (RMSEA), which allows one to test the lack of fit of the sample data to the model, was also included in the analysis. Values closer to zero are optimal, and a cutoff score of .06 for RMSEA has been recommended by Hu and Bentler (1999) . For the purposes of this study, a range from .06 (lower bound) to .08 (optimal bound) is used as criterion for goodness of fit.
Analyses of Invariance: Multiple Groups Approach
The assessment of measurement invariance consists of a series of stepwise analyses to determine the extent to which items have equal meaning across different groups of subjects. This type of analysis enhances the examination of construct validity of the test because it provides evidence about construct-irrelevant invariance (Cordon & Finney, 2006) . As French and Finch (2006) noted, new tests must meet current validity standards, including the analysis of invariance, which limits the creation of biased measures. Invariance tests also facilitate better interpretation of true differences underlying latent constructs (e.g., Cordon & Finney, 2006) .
There are three main steps of measurement invariance: configural, metric, and scalar invariance tests. Configural invariance analysis tests the stability of the hypothesized factor structure across groups by evaluating whether the same indicators (i.e., items) are associated with the same factors across groups (Rensvold & Cheung, 2001) . Metric invariance analysis tests the hypothesis of equality of factor loadings. If the model was found variant, examination of each factor and then the items is recommended (Rensvold & Cheung, 2001 ). Finally, scalar invariance assumes equivalence of intercepts across groups (Rensvold & Cheung, 2001) . In other words, it sets constraints to the model to examine whether respondents with equivalent values on the latent constructs have equivalent values on the items as well. For the purposes of the screener, two multiple group analyses were performed. The first analysis included the measurement invariance across sex (female vs. male). The second included two groups, distributed by age: a young group, with children ages 6 to 8 years, and an older group, with children ages 9 to 11 years. We hypothesized that the model would be held invariant across gender groups (i.e., there is not evidence supporting developmental sexrelated differences in executive functions). We also hypothesized that the model would be invariant across age (i.e., there may be developmental differences in level but not in the structure of the model of executive function itself). Finally, a CFI difference (⌬CFI) Յ Ϫ.01 was the criterion used for the measurement invariance as recommended by Cheung and Rensvold (2002) and was the criterion used in other studies (French & Finch, 2006; Kim, Cramond, & Bandalos, 2006) .
Results

Phases 1 Through 4: Data and Item-Level Screening
The DeCarlo macro (DeCarlo, 1997) identified five cases with significantly large Mahalanobis distances, which were identified as outliers and were eliminated. The overall effective sample size was 2,165 children. Further, the full data set was assessed for univariate normality. The skewness and kurtosis values for most items were within criterion parameters for univariate normality (͉2.0͉ and ͉7.0͉, respectively), with the exception of Item 28, which had a value slightly over the cutoff score for skewness (2.2). It is worth noting that all items were significantly correlated ( p Ͻ .01), but correlations ranged from low to modest. Correlations ranged from a minimum of Ϫ.10 (between Item 3, makes decisions easily, and Item 18, argues when denied own way) to a maximum of .76 (between Item 12, is easily distracted from classroom, and Item 14, has a short attention span).
Phase 5: Initial Reliability and Validity Analyses
Internal consistency coefficients ranged from .805 for Problem Solving to .890 for Attentional Control. Alpha coefficients for the Behavioral Control and Emotional Control factors were .842 and .845, respectively. These four coefficients are considered indicators of moderate to high reliability. The Cronbach's-alpha-if-itemdeleted feature was used to identify items that did not significantly contribute to the scale. None of the items demonstrated an increase in alpha coefficient if deleted. A lower coefficient for the full screener (.640) was obtained as expected, and it was interpreted as a potential indicator of the multidimensionality of this executive functions measure.
Confirmatory Factor Analysis
To answer the question about the appropriateness of considering the screener a unidimensional versus multidimensional instrument, a series of CFA models were analyzed (see Figure 2 ).
The first model (Model 1) corresponds to a one-factor/ unidimensional model with 25 indicators. The latent construct was called Executive Function, as it presumably measures executive functions as a whole. The model rejection rate in Mplus was the highest (100%), and the model did not converge. Models with two, three, and four factors converged normally. Model 2 had two latent constructs, one called Problem Solving and a second construct referred to here as Behavioral Self-Regulation. This second factor comprised items that originally corresponded to the factors Attentional Control, Behavioral Control, and Emotional Control. A third model (Model 3) comprised three latent constructs: Problem Solving, Attentional Control, and Behavioral/Emotional Control. These last three models demonstrated increasingly better fit in terms of a lower (or less inflated) chi-square, more degrees of freedom, and higher fit indexes. Chi-square differences were observed but not tested because the models were not nested. CFI differences are included in Table 3 . Although a small CFI difference between Model 3 and Model 4 was observed, RMSEA and TLI indexes are higher in Model 4. These results support the hypothesis that the group of items selected for this screener yields information about more than one component of executive functions; therefore, it is possible to reject the null hypothesis for unidimensionality. It also demonstrated that the theoretical model proposed (four factors) is not only viable but also testable.
Model modifications. Once the multidimensionality of the model was confirmed, the next analysis consisted of examination Note. WLSMV 2 ϭ weighted least squares with mean and variance adjusted chi-squared; df ϭ degree of freedom; CFI ϭ comparative fit index; ⌬CFI ϭ comparative fit index differences between models; TLI ϭ Tucker-Lewis index; RMSEA ϭ root-mean-square error of approximation. of the model modification indexes. This step commonly corresponds to an exploratory analysis because these modifications are data driven, or a posteriori, rather than theoretically driven. It has been observed that theory should prevail, as there is an ongoing tendency to overfactorize latent constructs (Frazier & Youngstrom, 2007) . A common practice is to negotiate between the two spheres and make decisions on model changes on the basis of indexes but supported by theory and guided by two principles: parsimony and replicability. Modification indexes for Model 4 (from Figure 2) , which we call the baseline model, suggest allowing Item 20, acts without thinking, to load in all factors. It was originally set to load only on the Behavioral Control factor. Table 3 summarizes the CFIs across models.
As reported in Table 3 , Model 4 (baseline) was compared against three more models. Model 5 included factor loadings from each factor to Item 20; Model 6 included factor loadings from the Behavioral Control and Problem Solving factors. Finally, in Model 7, the factor loading of Item 20 was constrained to zero, eliminating the relationship between the indicator (Item 20) and the latent constructs. Figure 3 illustrates these models.
Parameters estimates. Table 4 summarizes the factor loadings for each item. Item 20 has a negative estimate for two possible reasons: (a) it shares variance with more than one construct and needs to compensate for this, or (b) it is negatively worded, whereas all the items on Problem Solving are positively worded. Factor loadings represent the strength of the relationship between the construct and the item in terms of shared variance. Standardized values closer to 1.0 are optimal. In case of cross-loadings (e.g., Item 20), a lower estimate was expected. These estimates ranged from .618 to .936, which are significant and explain the overall goodness of fit of the model. Figure 4 represents the final model configuration and includes the correlations among factors. As can be observed in the figure, the correlations range from r ϭ Ϫ.502 to r ϭ Ϫ.875, which are considered moderate to high. Significant moderate-to-high correlations were expected between this screener's four factors because there are strong relationships between the underlying latent construct they represent. It is possible that, as executive functions, these constructs are measuring components of the same underlying (and unifying) latent construct, which could be a second order construct in this model. Negative correlations were observed here and in the interitem matrix. This negativity is explained by the wording orientation of the items. Problem Solving items included positively worded items (with the exception of Item 20, which is negatively worded), and the other three factors used only negatively worded items.
Analyses of Measurement Invariance
Measurement invariance across gender. Results are summarized in Table 5 . The CFI difference (⌬CFI) between the configural invariance model and the metric invariance model is ⌬CFI ϭ Ϫ.005, which is within the cutoff score limit of ⌬CFI Յ Ϫ.01 recommended by Cheung and Rensvold (2002) . Moreover, scalar invariance was supported in the current analysis. The difference between the metric and the scalar invariance models is ⌬CFI ϭ Ϫ.011, which is reasonably within the cutoff score of Ϫ.01 (Cheung & Rensvold, 2002) . Other fit indexes, such as TLI and RMSEA, also demonstrated adequate goodness of fit.
Measurement invariance across developmental ages. Measurement invariance was not expected across gender groups as much as it would be expected across ages (Becker, 1987; Davidson, Amso, Anderson, & Diamond, 2006) . Configural invariance for the two age groups was met in this study. As reported in Table 5 , goodness-of-fit indexes were within the cutoff scores. Specifically, the CFI (.946) was between the lower bound and the optimal bound recommended by Hu and Bentler (1999) , the TLI was closer to the optimal level, and the RMSEA was at the cutoff point. Metric invariance was also met in this study. The WLSMV adjusted chi-square was lower than in the adjacent model. Yet, and as expected in CFA models with large sample sizes, the change in chi-square test was significant ( p ϭ .0018), the CFI was .950, and the ⌬CFI was Ϫ.004 with both CFI values within the cutoff scores. TLI and RMSEA values improved as well. Equality of factor loadings also demonstrated that the strength between the items and the latent constructs was similar across these two age groups. Finally, Scalar invariance was also met by the screener's model. These results are summarized in Table 5 .
Discussion
Latent Construct Analysis and Operationalization
In the present study, we used a set of selected items from the BASC-TRS-C (Reynolds & Kamphaus, 1992) to develop a theoretical and psychometrical derivation of a screener for the assessment of executive functions. Four out of the five factors included in a theory-based model recently developed by Garcia-Barrera (2010) were used to scaffold the instrument. These four factors represented four executive functions: A first factor, Problem Solving, included behaviors related to planning and initiation of goal/ task attack; three more factors, Attentional Control, Behavioral Control, and Emotional Control, were related to the self-regulatory mechanisms involved in the execution of the programs needed for goal attainment. These four components were treated as latent constructs in the CFA model, and their observed variables were 25 items from the BASC-TRS-C that were believed to serve as indicators of the executive behaviors.
Results of the content validity analysis indicated a few problems with the operationalization of the some of constructs that were addressed. For instance, the Problem Solving factor received an average of an 81% agreement rate (out of 10 items). Although this could mean that some of the items loading in this factor measure construct-irrelevant content, factor loadings for this construct were significant and demonstrated that its indicators explained a large amount of the variance on the latent construct. However, three out of the original 10 items on this factor were eliminated to more accurately represent the target latent construct. These adjustments did not increase internal consistency coefficients; yet, they did increase construct validity as it was observed on model goodness of fit.
It could be also argued that this first factor is attempting to measure too many components of executive function. Because of its intrinsic condition as a screener imbedded in a larger behavior assessment rating scale, it was important to target a diversity of behaviors believed to be executive in nature. We believe that during behavioral regulation mediated by executive systems, some of the most important parts of the process are planning the goal execution, organizing information (input, output), making decisions about the goal/task approach, and programming the action (Zelazo et al., 1997) . In this context, the factor Problem Solving could also be recognized as preparation for an action step toward goal execution. Furthermore, in the BRIEF manual, Gioia et al. (2000) reported a similar situation regarding the Plan/Organize scale. They asserted that an empirical analysis of the BRIEF structure demonstrated that these two areas should be integrated into one factor, even though theoretically they could be separated into independent executive functions.
Another caution was raised by the content validity analysis and was related to difficulty in differentiating the placement of items between the Behavioral Control and the Emotional Control factors. Moreover, it could be argued that it is difficult to differentiate these two factors from each other, and this is demonstrated by the small CFI difference (⌬CFI ϭ Ϫ.012) observed between the three-factor model (Model 3, see Figure 2 ) and the four-factor model (Model 4). There are several avenues to support the differentiation among some of the factors. The first is related to the conceptualization of two constructs-behavioral inhibition and behavioral self-control-and their theoretical relationship with the construct of emotional self-regulation. Behavioral inhibition refers to the ability to inhibit initial prepotent responses to external cues or events, stop an ongoing response producing a delay period, and protecting this delay from interferences (Barkley, 1997 ). In contrast, during emotional self-regulation, the delayed prepotent re- sponse corresponds to the expression of emotional reactions elicited by the event, although they may be intrinsically related (Barkley, 1997) . Second, there is research supporting two differentiated brain pathways or circuits from the prefrontal cortex and in relation to self-regulation of behavior and emotion. Rolls (2002) asserted that this regulatory function may be mediated by the involvement of orbitofrontal cortex in the decoding and representation of primary reinforcers, which in turn regulate reward-related and punishment-related behavior. Furthermore, Fuster (2008) affirmed that the medial orbitofrontal cortex has a close connection to limbic structures (i.e., amygdala), through the paralimbic cortex. In this way, although there are common structures and networks involved in the self-regulation of behavior and emotion, it could be reasonable to separate them for measurement purposes.
Third, the debate about the best way to estimate executive functions has shed some light on alternative approaches that add ecological validity to the assessment of executive functions. In this regard, Gioia et al.'s (2000) BRIEF includes two separate scales, the Inhibit scale and the Emotional Control scale, which are integrated on a composite index score denominated Behavioral Regulation Index. It could be argued that the two factors Emotional Control and Behavioral Control should also be integrated into one factor for the screener purposes. From a measurement perspective, there are some arguments in favor of and against this idea. On the one hand, and in favor of the separation, there is little available research on the BRIEF's Emotional Control and Inhibition scales and in relation to diagnosis of disorders characterized by executive dysfunction (e.g., Jarrat et al., 2005) . Most of the research has looked at the BRIEF index scores (e.g., Mahone et al., 2002) . In one study, Gioia, Isquith, Retzlaff, and Espy (2002) tested four different CFA models, using maximum likelihood estimation. In this study, a clinical sample of children with mixed diagnoses was assessed with the BRIEF. Gioia et al. reported that for this clinical sample, a three-factor model obtained the best fit indexes. The BRIEF Emotional Control scale loaded in an independent factor from Inhibit and Self-Monitoring. On the other hand, and against the separation, it could be argued that the high and significant correlation between the two factors (r ϭ Ϫ.862), the small CFI difference between the three-factor model and the four-factor model (⌬CFI ϭ .012), and the lower agreement rates by the panel make it necessary to consider further analysis of the current factorization. In this regard, Frazier and Youngstrom (2007) recalled the importance of parsimony when developing tests, in terms of the number of factors they attempt to address. They also asserted that "recent commercial tests of cognitive ability are not adequately measuring the number of factors they are purported to measure by test developers" (Frazier & Youngstrom, 2007, p. 180) .Finally, they reminded test developers of the recent increase of overfactorization. It would be advisable to further examine a four-factor versus a three-factor model across different samples. One more factor should be addressed: Attentional Control. Starting at an item level, interrater agreement rates for the items in this factor were higher, and a reasonable consensus was achieved. We noticed during the item screening analysis that some of the items within this factor had the highest correlations across the matrix. In other words, it could be argued that some of the items were redundant in terms of behavioral indicators on a screening instrument. A look into the statistical analysis for this construct may serve as a counterargument for this assumption. Factor loadings were generally significant, ranging from .671 to .915, and were stable across gender and developmental ages. The R 2 values, which indicate the contributions of each item to the shared latent factor variance, ranged from .450 to .838 and are within the significant range. Moreover, alpha coefficients did not significantly increase when any of the seven items were deleted.
Furthermore, and at the construct level, it could be argued that Attentional Control should be considered a second-order or higher level self-regulatory ability, responsible for the modulation of behavior. This assumption comes from the works of Posner and Rothbart (1998) and Rueda et al. (2005) , who also labeled this construct executive attention or the executive control system. These authors have called this system the attentional organ. In its complexity, this organ appears to be a reasonable theoretical framework for the study of executive functions, if one assumes that this organ regulates executive functions or that executive functions are not more than attentional functions in nature. The Attentional Control factor includes several items that are related to the functions of Posner and Rothbart's and Rueda et al.'s attentional mechanism. However, as it is directly presented by these authors, it would be difficult to use behavioral indicators on a screening instrument (e.g., ratings) to operationalize it as a latent construct, whereas it has been successfully assessed with laboratory and performance-based measures. Therefore, the aim of this factor is to estimate the executive ability to regulate attentional functions, such as focusing, sustaining, and shifting.
Model Modifications and Item Analysis
At an item level, one more issue regarding the factorial structure of the screener is worth discussing here. Modification indexes produced by Mplus recommended the inclusion of a factor loading from all the constructs to Item 20, Acts without thinking. This item was originally conceived as a Behavioral Control item, and the panel of experts agreed 100% about its contribution to the operationalization of this factor. The question here is, What is it about this item that may or may not make it contribute to all constructs? A look to this item reveals that it captures the essence of executive functions, in the sense that a behavior such as acting without thinking not only represents the lack of self-control but also the lack of planning and organization of the action prior to its execution or, in the best scenario, the inefficient preparation for the initiation of action. An excellent example of this type of behavior is observed in children with ADHD (Barkley, 1997) . Similar arguments could be made for the inclusion of factor loadings from the Attentional Control and Emotional Control factors to Item 20. Note. WLSMV 2 ϭ weighted least squares with mean and variance adjusted chi-square; ⌬ 2 ϭ chi-square difference test; df ϭ degree of freedom; CFI ϭ comparative fit index; ⌬CFI ϭ comparative fit index differences between models; TLI ϭ Tucker-Lewis index; RMSEA ϭ root-mean-square error of approximation.
One could present the argument that attentional systems are regulated by the intentionality and the drive to attain a goal (Fuster, 2008) or that acting without thinking may relate to an automaticdriven (posterior) more than voluntary-driven (anterior) focusing of attentional systems (Rueda et al., 2005) on information that is irrelevant or relevant depending on the context (e.g., survival). However, in the context in which this item is presented, acting without thinking suggests a poor, problematic, and inefficient behavior related to overall lack of control.
Unidimensionality Versus Multidimensionality
One more issue worth discussing here refers to single-factor model versus multiple-factor model comparisons. Results clearly pointed out the need for expansion on the factorization, from a nonconverging model (unidimensional) to three-and four-factor models that not only converged but also demonstrated adequate goodness of fit. Earlier, we discussed the appropriateness of using a four-versus a three-factor model. Yet, the question is how do these results impact the current ways of assessing executive functions?
This issue can be addressed from different angles. From a statistical standpoint, it appeared appropriate to factorize the set of 25 items into three or four components. We based the decision to utilize a four-factor model on theory, both a priori-as the four constructs were originally defined before examining the fit of the model-and a posteriori-as some statistically driven (or datadriven) modifications were applied to the model. From a theoretical standpoint, the construct validity analyses demonstrated the pertinence of including four components of executive functions in the screener. As we stated earlier, it is difficult to confine the definition of executive function into one statement (Elliot, 2003) , as much as it is difficult to avoid numerating its components while defining the construct (Miyake et al., 2000) and to list all of the possible components under the executive functions umbrella (Baddeley, 1996) . We decided to utilize the term executive functions as a manifest of an understanding of this latent construct in terms of its diversity, believing that (as is the case for "g") executive function could be approached as a second-order latent construct that unifies the diversity of its components. The invariant sustainability of the model across different groups may serve as evidence in favor of this statement. In other words, it seems appropriate to approach the assessment of executive function from its components, through indicators, and from there to estimate the latent construct as a composite.
Having said that, the following question may come to mind: Is the composite more useful than the analysis of its components? This is a difficult question to address, and it has been largely discussed in the intelligence testing literature. It is known from analysis of overall composite scores versus part scores that the full composite is more stable (Canivez & Watkins, 2001; Neisser et al., 1996) , has the best predictive validity (Hunter & Hunter, 1984) , and has a large amount of scientific and theoretical support. In contrast, we also recognize that part scores (e.g., indexes, scales, factors) allow clinicians to perform profile analysis, in which patterns of subtest scores assessing individuals' strengths and weaknesses are interpreted. Part scores facilitate diagnosis and the selection of appropriate interventions (Glutting, McDermott, Konold, Snelbaker, & Watkins, 1998) .
According to Kamphaus (2001) , profile analyses can be of two types: normative and ipsative. Normative subtest profiles compare an individual's subtest scores with those of a norm-referenced group, whereas ipsative analyses interpret intraindividual differences. Despite their popularity, ipsative profile analysis is not supported by empirical evidence. However, it would be recommended in clinical practice and when working with special populations (e.g., bilingual assessment) and for screening purposes. Moreover, it appears appropriate to create a composite score for this screener, which would be multidimensional but would also underline the unity of the construct.
Measurement Invariance and Construct Validity
We performed two independent multiple-group CFA analyses in this study to identify measurement equivalence across groups. The first analysis included a stepwise examination of configural, metric, and scalar invariance across female and male subsamples. The second analysis included the same three examinations across two age groups: children 6 to 8 years old (young group) and children 9 to 11 years old (older group). Configural invariance was supported by the model in both cases, which demonstrates that the same four-factor structure underlying the screener is being measured across groups, in that "the same indicators are associated with the same factors for both groups" (Resvold & Cheung, 2001, p. 29) . Metric invariance was also met. According to Rusticus and Hubley (2006) , if metric invariance is met, "the measure may be used to examine structural relationships or correlations between the construct of interest and other constructs across groups" (p. 828). Because of the overall fit of the model, no further metric invariance testing of each factor or of the items was necessary. Finally, the model also supported the strongest type of examination, scalar invariance. However, a careful examination of the modification indexes produced after the scalar invariance test suggested some meaningful model variations at the item level and across groups. For instance, allowing a factor loading from Item 10, Is well organized, to all factors could have some impact on overall fit in the female group but not in the male group. Similarly, allowing the same item to load on the Behavioral Control and Emotional Control factors would have an impact on model fit for the younger group but not for the older group. These findings are of great importance for future research involving this screening instrument.
Furthermore, and although gender differences were not expected in this model, it could be argued that differences across developmental ages should be identified by the model, because of results obtained in experimental research in the development of executive functions (e.g., Becker et al., 1987; Davidson et al., 2006; Diamond, 2002; Zelazo et al., 2003) . These differences could be identified in two ways: shape and level. Configural, metric, and scalar invariance examinations serve as tests for evaluating differences in shape (factorial and construct structure). As we reported, measurement invariance was supported. Differences in level indicate whether one group has a greater amount of latent construct than the other; in this case, it would be necessary to perform a latent means difference test to identify level differences.
Clinical Implications, Limitations, and Future Research
This study demonstrated a psychometrically and theoretically sound screening tool for executive functioning derived from a large pool of items, such as that provided by the BASC system. Because this instrument was designed within the larger BASC-TRS-C, its implementation should not be difficult; scores on the four scales can be derived following a BASC administration. Although screeners should not be used as diagnostic tools, brief screeners are optimal and relatively inexpensive tools for early identification of executive difficulties. Yet, there are some limitations that should be addressed before recommending this instrument for clinical or research use. First, analysis of convergent validity would be necessary to establish whether this instrument is comparable and competitive with other executive behavior screeners, such as the BRIEF. Moreover, and because of the early identification of low correlations between the BRIEF Parent and Teacher scales with performance-based tests of executive functions (e.g., Anderson, Anderson, Northam, Jacobs, & Mikiewicz, 2002; Vriezen, & Pigott, 2002) , it is extremely important to evaluate the relationships between the executive behaviors evaluated by this screener and those evaluated by performance-based tests. Second, it is necessary to create T scores for each one of the four constructs imbedded in the model, so that norm comparisons are possible. Third, introduction of the composite score would be optimal for clinical applications and cross-instruments comparisons. Fourth, further analysis of the clinical validity of the instrument would enhance its utility as an assessment instrument. We recommend that a large clinical database be used to examine the instrument's sensitivity and sensibility and, therefore, its discriminant accuracy rate. Furthermore, it would be relevant to derive a screener similar to that from the BASC Parent Rating scale. Fifth, because of to its nature, this screener was conceived within the limited frame of available items from the BASC. Therefore, there are important executive functions (e.g., updating working memory; Garcia-Barrera, 2010; Miyake et al., 2000) that could not be included in the model and are of great importance to the assessment of this construct. Updating of working memory, in particular, is a difficult executive component to capture on a behavior scale. Items associated with memory in general may add impurity to the construct. We recommend the use of clinical assessment tools for working memory to obtain reliable information regarding updating working memory representations (e.g., N-back tests).
In summary, clinical validity analysis of the interpretations derived from the screener scores are imperative, and future research should include convergent and concurrent validity analyses with comparisons to the BRIEF and to performance-based gold standard measures of executive functions as well as cross-cultural validation of the model.
